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(54) Apparatus, systems and methods for microinjection of samples into amphibian oocytes 



(57) The invention provides an apparatus for the mi- 
croinjection of samples into amphibian oocytes, com- 
prising a tray (9) for holding a plurality of amphibian 
oocytes (13), an injection needle (6) for injecting a sam- 
ple into the amphibian oocytes (13), driving means (4, 
1 1 , 12) for moving the relative position between the tray 
(9) and the injection needle (6) and controlling means 
(1 , 2) for controlling the movement by setting the depth 
of the injection needle (6) relative to the tray (9) or the 
amphibian oocytes (13) in the sample injection and for 
injecting the sample into the amphibian oocytes (13) at 
that depth. 

According to the present invention, the sample can 
be injected into amphibian oocytes (13) with constant 
depth precisely, and the quality of oocytes or the posi- 
tional site of needle injection can be recorded as product 
information. 



FIG. 1 
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Description 

Background of the Invention 

(1) Technical Field 

[0001 ] The present invention relates to an automated 
apparatus for injecting a sample of gene, pigment, pro- 
tein, peptide or drug into oocytes of amphibia such as 
frogs using a pipette-like needle. The present invention 
further pertains to a method for injecting samples of 
genes, pigments, proteins, peptides or drugs into a 
specified position of the amphibian oocytes, the amphib- 
ian oocytes with a guaranteed quality regarding the in- 
jection of the sample, and a method for selling or as- 
signing the amphibian oocytes into which the sample 
has been injected at a specified position and depth. 

(2) Background Art 

[0002] Since oocytes of frogs such as Xenopus laevis, 
into which a gene, pigment, protein, peptide or drug is 
injected, have a comparatively large size and can be ob- 
tained at low cost and in large quantities, they are widely 
used for the purpose of confirming actions of pigments, 
proteins, peptides and drugs on viable cells, analysis of 
gene functions, and production of proteins as gene 
products. To this purpose, research scientists breed 
frogs and collect the oocytes. 

[0003] Heretofore, in the injection of a sample such 
as gene, pigment, protein, peptide and drug into the 
oocytes of amphibia such as frogs, technicians manu- 
ally injected with a pipette-like needle in which these 
samples are packed, into the oocytes under microscopic 
observation using a manipulator. The pipette is mounted 
on the injector, and a constant amount of sample is in- 
jected and released into the cells by the action of an oil 
pressure or an air pressure. Further, JP-A-5-192171 
and JP-A-6-343478 disclose a method for injection and 
release of a constant amount of sample into cells by ap- 
plying a voltage. The above prior art discloses tech- 
niques for injection of samples by approaching a needle 
manually to the cell with microscopic observation of the 
cell. 

Summary of the Invention 

(t) Problems to be solved by the invention 

[0004] The above manual injection of samples such 
as genes involves the problem that the rate of oocytes, 
into which the sample was successfully injected varies 
depending on the skills and experiences of technicians. 
This is due to a difference in the number of oocytes into 
which the sample could be injected within a fixed time, 
depending on the individual technician, and as a result, 
the degree of denatu ration of the sample varies in a 
time-dependent manner among the technicians. It is un- 



derlying problem of the present invention to provide a 
method to give a constant number of cells per hour to 
be treated without skills and experiences of technicians. 
[0005] Further, the above described prior art did not 

5 consider to unify the injection depth of samples into the 
oocytes at a constant depth. Consequently, it was diffi- 
cult to control the depth even by skilled technicians. As 
a result, the injection of a sample into a specified cell 
organelle such as a nucleus had to depend on chance. 

10 it is another problem of the present invention to provide 
an easier method of injecting a sample into a cellular 
organelle such as a nucleus, in which the injection can 
be controlled in the depth direction by unifying the injec- 
tion depth of the sample. 

15 [0006] Furthermore, in the above described prior art, 
since no consideration was given for memorizing infor- 
mation of cells in the injection of a sample, it was difficult 
to obtain a correlation between the information on the 
sample injection and the subsequent cell reaction. Con- 

20 sequently, it is a further problem of the present invention 
to provide a method for obtaining the correlation be- 
tween them. 

[0007] In addition, in the conventional techniques, the 
oocytes were prepared individually, and a mass produc- 
es tion or a production on demand in good timing were im- 
possible. 

[0008] Consequently, it is a further problem of the 
present invention to provide the oocytes, into which a 
specified sample has been injected, or the production, 
30 sale and transportation of the oocytes with a guaranteed 
injection of a specified sample at a constant position. 

(2) Means for solving the problems 

35 [0009] The above problems are solved by the inde- 
pendent claims. The dependent claims relate to pre- 
ferred embodiments of the concept of the present inven- 
tion. 

[0010] In order to solve the above problems, the 

40 present invention provides an apparatus for automati- 
cally injecting a sample such as a gene, pigment, pro- 
tein, peptide or drug into oocytes of amphibia such as 
frogs at any constant position and at any constant depth 
of the oocytes by using a pipette-like needle. 

45 [001 1 ] Namely, the present invention provides an ap- 
paratus for microinjection of samples into amphibian 
oocytes comprising a tray for holding a plurality of the 
amphibian oocytes, an injection needle for injecting a 
sample into the amphibian oocytes, driving means for 

so moving the relative position of the tray to the injection 
needle and controlling means for controlling the move- 
ment by putting in the depth of the injection needle for 
the tray or the amphibian oocytes in the injection of the 
sample, and injecting the sample into the amphibian 

55 oocytes at that depth. 

[0012] The present invention further provides a sys- 
tem for microinjection of samples into amphibian 
oocytes comprising a tray for holding a plurality of the 
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amphibian oocytes, an injection needle for injecting a 
sample into the amphibian oocytes, driving means for 
moving the relative position of the tray to the injection 
needle in a three-dimensional direction, controlling 
means for controlling the movement, information obtain- s 
ing means for obtaining a visual information of the am- 
phibian oocytes in the microinjection, and memorizing 
means for accumulating the information, and injecting 
the sample into the amphibian oocytes. 
[0013] As a result, the sample can be injected rapidly 
into a plurality of amphibian oocytes at an almost con- 
stant depth. 

[0014] Further, the tray has a plurality of wells having 
a cylindrical structure with a flat base or with a conical 
base having a maximum diameter of 1 05 - 1 50 % of the 
diameter of the amphibian oocytes. As a result, the sam- 
ple can be injected into the identical surface position in 
about 80 % of the oocytes on the tray without applying 
any special means. 

[0015] We have found that when mRNA was injected 
into the oocytes, in case that the mRNA was injected 
into the animal hemisphere of the oocyte, or mRNA was 
injected into the vegetal hemisphere, the expression ef- 
ficiency or the functional expression efficiency is differ- 
ent. Namely, in order to suppress a variation of the ex- 
pression efficiency of the function of a protein i n oocytes, 
it is important to collect the oocytes, in which mRNA is 
injected into the same hemispherical surface. In the 
present invention, it is possible to memorize information 
of a cellular area in the injection of the sample and to 
induce easily a con-elation between the information and 
the subsequent cell reaction. 

[001 6] Further, the present invention provides a meth- 
od for the automatic microinjection of sample into am- 
phibian oocytes, comprising the following steps: 

- using an apparatus having a tray for holding a plu- 
rality of the amphibian oocytes and an injection nee- 
dle for injecting a sample into these amphibian 
oocytes, 

setting the depth of the injection needle relative to 
the tray or the amphibian oocytes to a first depth, 

- injecting the sample into the first oocyte of the plu- 
rality of the amphibian oocytes using the injection 
needle at the first depth, ^ _ 
automatically moving the relative position of tfi e tray 
to the injection needle, and 
subsequently injecting the sample into the second 
oocyte of the plurality of the amphibian oocytes by 
using the injection needle at the first depth. so 

[0017] Furthermore, the present invention provides a 
method for the automatic microinjection of samples into 
amphibian oocytes, comprising the following steps: 

using an apparatus having a tray for holding a'plu-~ 
rality of the amphibian oocytes and an injection nee- 
dle for injecting a sample into the amphibian 



oocytes, 

- injecting the sample into the first oocyte of the plu- 
rality of amphibian oocytes using the injection nee- 
dle, 

- moving the relative position of the tray relative to 
the injection needle, 

subsequently injecting the sample into the second 
oocyte of the plurality of amphibian oocytes using 
the injection needle, 

obtaining the condition of the oocyte in the injection 
of the sample as a visual information, and 
accumulating the visual information. 

[0018] In addition to the above-described apparatus 
and method for injection of a sample into amphibian 
oocytes, the present invention further provides a plural- 
ity of the amphibian oocytes wherein the sample has 
been injected under substantially equal conditions re- 
garding the injection depth of the sample. 
[0019] The present invention also provides amphibian 
oocytes wherein the sample has further been injected 
under substantially the same conditions regarding the 
injection position of the sample. 
[0020] In addition, the present invention provides the 
following methods. 

[0021 ] A method for preparation of a group of amphib- 
ian oocytes injected with a sample, comprising 

using an apparatus having a tray for holding a plu- 
rality of the amphibian oocytes and an injection nee- 
dle for injecting a sample into the plurality of the am- 
phibian oocytes, 

moving the relative position of the injection needle 
to the tray, 

injecting the sample into each of the plurality of the 
respective amphibian oocytes using the injection 
needle, < 
obtaining visual information of each^fhe amphib- 
ian oocytes in the injection, ar\d^ 
collecting a plurality of tb<^6ocytes into which the 
sample has beer^^cted into the animal hemi- 
sphere of this oocyte, or a plurality of the oocytes in 
wivcfi the sample has been injected into the vegetal 
^ ^tiemisphere of the oocyte amongst a plurality of am- 
phibian oocytes based on the visual information. 

[0022] The invention further relates to a method for 
selling or assigning a plurality of amphibian oocytes, 
^comprising selling or assigning as a set a plurality of the 
amphibian oocytes, into which a sample has been in- 
jected under substantially equal conditions regarding 
the injection depth of the sample, and attaching the in- 
formation oh the injection of the sample into a plurality 
of the amphibian oocytes to the set. 
[0023] In addition, the invention pertains to a method 
for selling or assigning a plurality of amphibian oocytes, 
comprising putting a plurality of amphibian oocytes into 
which a sample has been injected under substantially 
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equal conditions regarding the injection depth of the 
sample into a vessel, and attaching a label on which In- 
formation on the injection of the sample into a plurality 
of the amphibian oocytes is indicated or described to the 
vessel. 

[0024] In this connection, the information on the injec- 
tion of the sample into a plurality of amphibian oocytes 
relates to at least one of date and time of injection, the 
term for guarantee of the quality, the position where the 
sample has been injected, the depth at which the sam- 
ple has been injected, and the probability of expression. 
[0025] As a result, according to the present invention, 
oocytes having substantially identical conditions regard- 
ing the injection as well as the respective information 
can be obtained. 

Brief Description of the Drawings 

[0026] 

Fig. 1 : Construction of an apparatus of the present 
invention. 

Fig. 2: Illustrative example of a tray used in the 
present invention. 

Fig. 3: Illustrative example of a vessel used in the 
present invention. 

Fig. 4: A correlation between the fluorescence of 
GFP injected into oocytes and the ligand re- 
sponse of histamine receptors expressed by 
co-injection. 

Fig. 5: A correlation between the area of gene injec- 
tion (animal hemisphere and vegetal hemi- 
sphere) and the ligand response. 

Fig. 6: Illustration of the use of oocytes as histamine 
sensors. 

Fig. 7: Illustration of a method of transferring oocytes 
after the injection of a sample. 

Explanation of symbols: 

[0027] 1 : control unit, 2: auxiliary control unit, 3: mon- 
itor; 4: moving table for injection needle, 5: injection de- 
vice, 6: injection needle, 7: CCD camera, 8: digital cam- 
era, 9: tray, 10: light source, 11 : orthogonal moving ta- 
ble, 12: horizontal moving table, 13: oocytes, 14: phys- 
iological saline for amphibia, 21 : vessel, 22: label, 23: 
cold insulator, 31 : histamine receptor gene, 32: hista- 
mine receptor, 33: sample containing histamine, 34: his- 
tamine response (positive), 35: sample without hista- 
mine, 36: histamine response (negative), 41: syringe, 
42: buffer solution for amphibia, 43: antibiotics, 44: outer 
vessel, 45: package. 

Description of the Preferred Embodiment 



[0028] Referring to the drawings, the present inven- 
tion will be explained in detail in the following: 
[0029] In Fig. 1 , the principle of the present apparatus 



is shown. 

[0030] A tray, in which the oocytes are lined up and 
arranged, having, for example, arrangements of 12 
wells in a horizontal direction and 8 wells in an orthog- 
5 onal direction, in total 96 wells with a uniform depth and 
form, can be used, however, the number of wells is not 
limited to 96 wells. The amphibian oocytes have gener- 
ally a heavier weight in the vegetal hemisphere than in 
the animal hemisphere. Consequently, by designing the 

io diameter of the wells in the tray to be slightly larger than 
that of the oocytes in use, about 80 % of the oocytes in 
average can be maintained to keep their animal hemi- 
sphere upside, without changing the directions of 
oocytes arranged on the tray by rotating the cells, and 

15 the injection probability to the identical hemispherical 
surface can be increased without using any other spe- 
cial means. The wells for arranging oocytes are prefer- 
ably of a cylindrical form, which has a circular flat basal 
plane with a constant cross section parallel to the base 

20 plane from the base plane to the open end aperture of 
the above well, or a form with a conical base. The diam- 
eter of the open end of the above wells should be larger 
than that of the amphibian oocytes in use. In addition, 
due to the above-mentioned reason, it is preferable to 

25 keep a space for rotating the oocytes in a well in which 
physiological saline is filled, and specifically the fact that 
a maximum diameter of the wells set to be 1 05 - 1 50 % 
of the diameter of the oocytes used is preferable, has 
been confirmed experimentally. For example, since the 

30 diameter of Xenopus oocytes is approximately 1 .3 mm, 
it becomes possible to fix the oocytes in a specified di- 
rection without damaging the oocytes by designing the 
diameter of the well to be about 1 .4 - 2 mm. The prefer- 
able form of a well in the present invention is, for exam- 

35 pie, as shown in Fig. 2, a conical shape with an angle 
of base at 90°, a diameter of 1 .4 mm and a depth in the 
cylindrical part of 0.56 mm. Furthermore, by using a sy- 
ringe in addition to the use of the above tray, it is possible 
to operate with an increased injection probability into the 

40 same surface side of different oocytes, or it is possible 
to operate so that the specified surface, for example, the 
vegetal hemispheres of the oocytes, are directed up- 
ward. 

[0031] Examples of samples to be injected include, 
45 but are not limited to genes, pigments, proteins, pep- 
tides and drugs. In the example hereinbelow, oocytes, 
into which a histamine receptorcRNA is injected, will be 
described, but the injectable genes are not limited to cR- 
NA and can be DNA, RNA and synthetic oligonucle- 
50 otides. The needle for injecting the sample is preferably 
a pipette-like needle, but it is not limited to that form. In 
order to obtain cell information such as positional direc- 
tion of oocytes, visual information through a digital cam- 
era 8 is applied. Further, means for detecting the contact 
55 of the injection needle 6 with the surface of the oocytes 
is examplified as visual information through a CCD cam- 
era 7. However, the means required for obtaining the 
information are not limited to the digital camera 8 and 
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the CCD camera 7. For example, a sensor, which can 
detect changes of pressure, temperature, voltage, mois- 
ture or pH, may be mounted on the injection apparatus, 
and the surface of the oocytes can be detected based 
on this information. 

[0032] The oocytes before injection of the sample are 
arranged in the wells on the tray 9, and physiological 
saline 1 4 is filled in the tray 9, then the tray is set on the 
orthogonal moving table 11 and the horizontal moving 
table 12. It is preferable to determine the position of the 
oocyte 13, into which the sample is injected from the 
injection needle 6, by controlling the movement of the 
orthogonal moving table 11 and the horizontal moving 
table 12 in the direction of the X-axis and the direction 
of the Y-axis with the control unit 1 . As an alternative to 
the construction in Fig. 1 , however, a construction can 
be applied with fixed tray 9 and with a movable injection 
needle 6. 

[0033] When the tray 9 is located at the position indi- 
cated with the broken line, the oocyte may be photo- 
graphed by the digital camera 8, and the image data 
may be transferred to the control unit 1 , and information 
of quality and positional direction of the oocytes can be 
accumulated. 

[0034] The horizontal moving table 1 2 and the orthog- 
onal moving table 11 are operated by an indication of 
the control unit 1 , and the center of the first oocyte 13, 
which is located in the defined position amongst the 
oocytes arranged on the tray 9, moves to the downward 
position under the position of the gene injection needle 
6. At this point, the injection needle moving table 4 is 
operated by an indication of the control unit 1 for moving 
the injection needle in the direction of the Z-axis, the tip 
of the injection needle 6 mounted on the injection unit 5 
moves downward to a position slightly distant from the 
surface of the oocyte, for example, close to the front by 
several Hundredths of mm. At this point, by observing 
the image taken by the CCD camera 7 on the monitor 
3, indication is given from the auxiliary control unit 2, 
and the injection needle moving table 4 is operated to 
move in the descending direction slowly. The contact of 
the tip of the injection needle 6 with the surface of the 
oocyte 13 can be detected by visual information, pres- 
sure changes, temperature changes, electric changes, 
moisture changes, or pH changes; then the injection 
needle moving table 4 is stopped at this position. This 
position is a reference point for the subsequent gene 
injection operation. This point is made to be memorized 
in the control unit 1 , and the following operation is per- 
formed. Namely, moving distance and depth of the in- 
jection needle for the vertical direction against a plane 
of the tray from the above reference point to the position 
of injecting sample are set, and the injection needle 6 is 
stuck at the setting depth to inject the previously fixed 
amount of the sample. Forthe injection of sample, a con- 
trol for the Z-axis direction can be performed, for exam- 
ple, such that the injection needle moves downwardly 
to 0.2 mm from the contact point of the injection needle 



6 on the surface of the oocyte 1 3. The optimum injection 
depth of the injection needle 6 into the oocyte is different 
depending on the type of sample to be injected and the 
object for injection and can be set freely. The sample 
5 can not diffuse into the oocyte, if the injection depth is 
too shallow, and if it is too deep, the probability for dam- 
aging the nucleus and the oocyte is increased. Conse- 
quently, it is preferable to inject a sample at almost con- 
stant depth from the standpoint of expression efficiency. 

10 For examle, in the case that mRNA is injected into the 
cytoplasm in orderto express a protein, sticking the nee- 
dle to a depth of 0.02-0.1 mm from the cell surface is 
preferable. On the other hand, in the case that DNA is 
injected into a nucleus in order to express a protein, 

15 sticking the needle to a depth of 0.05-0.2 mm from the 
cell surface is preferable on the animal hemisphere. 
However, since the form of the oocyte may be deformed 
at the injection, actually the sample is injected at a shal- 
lower position than the predetermined depth. The time 

20 for injecting the sample is controlled by setting the time 
for inserting the needle into the oocyte depending on the 
amount of sample to be injected. In order to improve the 
injection efficiency, a plurality of injection needles 6 can 
be used. In this case, the movement of the relative po- 

25 sition between the injection needle and the tray by the 
indication from the driving unit of the apparatus in one- 
dimensional direction or two-dimensional direction may 
be sufficient. 

[0035] Subsequently, the sample is automatically in- 
30 jected at the indicated time, rate and injection depth into 
the desired number of other oocytes in the tray 9 by au- 
tomatic control. Further, since the size of the oocytes 
may have some deviation, a function for detecting the 
position of the surface at each time of injection can be 
35 applied. In addition, the information of the oocyte con- 
dition is memorized in the computer and can be put out 
on demand. 

[0036] The system can be made so that the move- 
ment of the injection needle 6 and the oocyte 13 in the 

40 injection or the visual information of oocyte at the injec- 
tion is memorized in the computer, and after termination 
of the injection operation, position and depth of the sam- 
ple injection and the characteristics of the oocytes can 
be read out. In this case, the visual information of each 

45 oocyte is preferably correlated with the position on the 
tray by numbering the oocytes, for example. 
[0037] The amphibian oocytes are known to comprise 
an animal hemisphere and a vegetal hemisphere, and 
each hemisphere has a different function. We have 

so found that in case that mRNA was injected into the 
oocyte, the functional expression efficiency of protein 
was different depending on whether the mRNA was in- 
jected into the animal hemisphere or the vegetal hemi- 
sphere. In case of injecting histamine receptor mRNA, 

55 the expression efficiency is higher for injection into the 
animal hemisphere than the vegetal hemisphere; as a 
result oocytes with large ligand response can be ob- 
tained. On the other hand, in case that a protein, a flu- 
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orescent protein or a gene thereof and pigment are in- 
jected, information on color and light with higher sensi- 
tivity can be obtained by injection into the vegetal hem- 
isphere. As described above, the injection of sample into 
the animal hemisphere can be made for about 80 % of 
oocytes on the tray by using the above tray, tn case that 
oocytes wherein the sample is injected into a specific 
surface of the oocytes such as only the animal hemi- 
sphere or the vegetal hemisphere, are expected to be 
obtained, as described above, each oocyte is treated for 
arranging the specific hemisphere in upward direction 
by using the syringe before injection of sample. Alterna- 
tively, the area information for sample injection on the 
surface of oocytes is obtained by the detection means 
for the visual information or by a black and white dis- 
crimination sensor in the injection of sample, and as a 
result of the thus obtained information, the oocytes 
wherein the sample is injected into only the surface of 
interest directed for upward direction, can be collected. 
As a result, oocytes having substantially identical con- 
ditions regarding the injection position can be obtained. 
In the present invention, the "specific area" means po- 
sitions including the animal hemisphere, the vegetal 
hemisphere or the equatorial area of the oocytes. 
[0038] By using the apparatus having the above con- 
stitution, the sample can be injected at the specific area 
and depth of the amphibian oocytes, and the oocytes 
which have almost the same quality regarding the ex- 
pression efficiency of the injected sample (injection ef- 
ficiency), can be produced rapidly in mass production. 
Accordingly, the present invention provides a method for 
injecting a sample into amphibian oocytes at a specific 
position and at a specific depth by using the apparatus 
of the present invention. 

[0039] It has been found that the sample injection ef- 
ficiency can be improved by using the apparatus of the 
present invention as follws. Namely, in case of begin- 
ners, who have no experience for sample injection by 
manual operation, about 30 minutes are required for in- 
jecting samples into 25 cells, and the injection efficiency 
is about 30 % in case of the expression rate using a sam- 
ple of a gene. On the contrary, using the apparatus of 
the present invention, the time for injecting samples into 
25 cells is as low as only 3 minutes, and the injection 
efficiency reaches about 80 %. In case of sample injec- 
tion performed by experts with manual operation, almost 
no shortage of time for injection is observed, but the in- 
jection efficiency can be improved up to 90 %£y using 
the apparatus of the present invention as compared with 
the efficiency of 80 % in the manual operation. 
[0040] Consequently, as a result of using the appara- 
tus and method of the present invention, efficiencies of 
about 80-90 % can be achieved without being depend- 
ent upon the skill of operators, and the present invention 
permits to sell or assign a plurality of oocytes with con- 
trolled conditions of sample injection. 
[0041] Therefore, in another aspect, the present in- 
vention provides amphibian oocytes with guaranteed in- 



jection of the sample at a specific position and at a spe- 
cific depth. 

[0042] Further, oocytes, into which the sample has 
been injected at a specific area and depth, can be col- 
5 lected, sold or assigned. In the occasion of sale or as- 
signment, a plurality of oocytes are packaged, and a la- 
bel 22, in which information on the type of sample, the 
injection date, the term for guarantee of quality, the set- 
ting conditions such as the position and the depth of 

10 sample injection, and the guaranteed injection efficiency 
is described, can be attached (Fig. 3). 
[0043] According to the present invention , the oocytes 
can be sold or assigned with the information on the spe- 
cific depth and area of the injection, and on the expres- 

'5 sion of protein encoded by the injected gene. In the 
event of selling or assigning the guaranteed oocytes re- 
garding efficiency of sample injection or efficiency of ex- 
pression, the efficiency of sample injection can be guar- 
anteed, for example, by co-injecting a sample with pro- 

20 tein containing pigment or chromophore, fluorescent 
protein, or gene encoding these proteins, counting the 
number of oocytes emitting color or fluorescence, and 
indicating the ratio as an indicator of efficiency of sample 
injection. Although the coinjection can be performed in 

25 the mixed form, in case that both the sample and a pro- 
tein for detection to be coinjected are injected in the form 
of a gene, wherein a gene coding a fused protein can 
be used. 

[0044] Referring to Fig. 4, an example for calculating 

30 the efficiency of sample injection or efficiency of expres- 
sion by using fluorescence from co-injected fluorescent 
protein as an indicator, will be explained. In the present 
example, the case that the rate of injection of histamine 
receptor gene is determined by using the expression of 

55 the green fluorescent protein derived from Aequorea 
forbesiana (GFP) as an indicator, is explained. Howev- 
er, the injected samples are not limited to genes. Fur- 
ther, substances used as indicators of the efficiency of 
sample injection are not limited to GFP. 
[0045] A mixture of histamine receptor gene and 
green fluorescent protein gene is injected into the 
oocyte by using an apparatus of the above construction 
or realizing the above principles. 24 hours after the gene 
injection manipulation, light of a wavelength of 488 nm 

45 is irradiated to the oocytes, and then the expressed 
green fluorescent protein emits fluorescence of 507 nm. 
Oocytes with emission of fluorescence of 507 nm are 
classified into "light", and oocytes without emitted fluo- 
rescence are classified into "dark". Fig. 4 shows that 

so these oocytes are stimulated with histamine and are 
classified by the presence or absence of response. As 
shown in Fig. 4, in the "light" oocytes, 85 % of oocytes 
(34 out of 40 cells) respond to histamine. Namely, his- 
tamine receptor gene can be injected in more than 85 

55 % of the oocytes. On the contrary, in the "dark" oocytes, 
90 % or more of oocytes cannot respond to histamine 
(27 out of 28 cells). Namely, the histamine receptor gene 
can not be injected in 90 % or more of oocytes. Accord- 
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ingly, it is demonstrated that the frequency of injection 
of the histamine receptor gene is high in oocytes ex- 
pressing green fluorescent protein. 
[0046] As dearty demonstrated by the above fact, 
when the objective sample is co-injected with the fluo- 5 
rescent protein, the efficiency. of injection of the objec- 
tive sample can be calculated based on the existence 
of fluorescence as the indicator; as a result, sale or as- 
signment of oocytes with guaranteed efficiency of sam- 
ple injection is possible. w 
[0047] Next, means for production, sale or assign- 
ment of oocytes obtained by the present invention for a 
specific use, which is exemplified by using oocytes in- 
jected with human histamine receptor cRNA, will be de- 
scribed. However, the genes for use for injection are not 15 
limited to cRNA, and DNA, RNA and oligonucleotides 
can be used. 

[0048] The histamine receptor cRNA is injected into 
oocytes by using the apparatus and the method of the 
present invention. In this case, when means for obtain- 20 
ing visual information such as sensor for discriminating 
black and white color or a CCD camera/digital camera 
is used, the oocytes into which cRNA is injected in the 
animal hemisphere, and the oocytes into which cRNA 
is injected in the vegetal hemisphere can be differenti- 25 
ated. 

[0049] After gene injection, the histamine receptor is 
expressed in the oocytes within 24 hours. After passing 
24 hours from histamine receptor gene injection, the 
membrane potential of the oocytes, in which histamine 30 
receptor may be expressed, is held at -60 mV by the two 
electrodes voltage clamp method. Under such condi- 
tions, addition of sample containing histamine to the 
oocytes results in the interaction between the histamine 
in the sample and the histamine receptors, and the sig- 35 
nal transduction system in the oocyte is activated to gen- 
erate an ionic current, then the electric response of the 
oocytes to histamine can be shown. The oocytes after 
24 hours are stimulated with 1 mM histamine and its 
electric current response is measured. Fig. 5 shows a *o 
comparison of the electric current response of the 
oocytes into which gene is injected in the animal hemi- 
sphere and in the vegetal hemisphere. As shown in Fig. 
5, differences in the electric current response to hista- 
mine depending on the injection site of the gene are ob- 45 
served. 

[0050] Namely, oocytes with good ligand response 
can be obtained in the case that the gene is injected in 
the animal hemisphere rather than in the case that the 
gene is injected in the vegetal hemisphere. so 
[0051] Consequently, for example, the group of 
oocytes into which histamine receptor cRNA has been 
injected only in the animal hemisphere, can be used as 
good sensors with high sensitivity for histamine. Further, 
according to the present invention, sale or assignment 55 
of oocytes, into which the sample has been injected at 
a specific position and depth, for the purpose of using 
them as sensors can be made. As easily recognized by 



the person skilled in the art, examples of samples to be 
injected for use of oocytes obtained by the present in- 
vention as sensors, are also genes encoding receptors 
for any ligands other than for histamine, antibodies hav- 
ing reactivity for specific antigens, and glycoproteins 
having specific sugar chain, but are not limited to the 
above examples. 

[0052] The histamine receptor gene 31 is injected into 
the oocyte 13 by using the apparatus assembled with 
the above constitution or using the above principles. In 
Fig. 6, the injection into the vegetal hemisphere is 
shown. After injection of the histamine receptor gene, 
the histamine receptor 32 is expressed in the oocytes 
1 3 within 24 hours. In the same way as described above, 
after passing 24 hours from the histamine receptor gene 
injection, the membrane potential of the oocytes, in 
which histamine receptor 32 may be expressed, is held 
at -60 mV by the two electrodes voltage clamp method. 
Under such conditions, the addition of a sample 33 con- 
taining histamine to the oocytes 13 results in the inter- 
action between the histamine in the sample and the his- 
tamine receptors, and the signal transduction system in 
the oocyte is activated to generate an ionic current; then 
the electric response 34 of the oocyte 13 to histamine 
can be shown. In case that a sample 35 without hista- 
mine is added, wherein no substance exists which in- 
teracts with the receptor, the oocyte 13 cannot respond 
to histamine 36. 

[0053] The oocyte expressed histamine receptor re- 
sponse to histamine containing samples can be used as 
indicator. Since the mass production of oocytes having 
identical conditions for injection of the sample is possi- 
ble by using the apparatus for sample injection of the 
present invention, the amphibian oocytes can be used 
for screening of the ligand or antigen reacting with re- 
ceptor or antibody. The screening can be performed by 
using a plurality of oocytes, in which a sample such as 
a gene has been injected under substantially equal con- 
ditions and protein or other substances are expressed, 
and comparing the results of reactions of oocytes with 
different ligands. 

[0054] Further, in another use according to the 
present invention, for example, the expressed protein 
can be extracted by disintegrating the oocytes in which 
protein is expressed. The protein and other products 
can be effectively extracted, for example, by controlling 
the conditions for injection with using an apparatus of 
the present invention, and by using oocytes, into which 
sample has been injected into the animal hemisphere. 
[0055] A method for transporting oocytes according 
to the present invention, to which a sample has been 
injected, will be described referring to Fig. 6. In case of 
sale and transport of the above oocytes, the oocytes 13 
are put into a vessel 21 , into which a solution of buffer 
conventionally used for amphibian oocytes with dis- 
solved antibiotics such as gentamicin sulfate, penicillin 
and streptomycin is filled. The vessel 21 is packaged 
using packaging material such as styrene foam, and is 
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preferably transported by maintaining the temperature 
at 4 - 25 °C, more preferably at 18 - 22 °C, by using a 
cold insulator 23 while avoiding shock, as shown in Fig. 
3. 

[0056] The composition of the solution is not limited, 5 
and the composition given below can be preferably 
used. The solution pH is adjusted to 7.5. 



NaCI 


96 mM 


KCI 


2mM 


CaClg 


1.8 mM 


MgCI 2 


1 mM 


HEPES 


5mM 


Gentamicin sulfate 


50 mg/ml 


sodium pyruvate 


2.5 mM 


Penicillin 


10U/ml 


Streptomycin 


10 mg/ml 



15 



[0057] Examples of preferable vessels for sale and 20 
transport are not limited to the above construction. Pre- 
ferred vessels are those in which the oocytes can move 
relatively freely inside with the cap freely opened and 
closed, and the above solution is preferably filled to 
about 95 % of the vessel volume. For example, in case 25 
of a conical tube of 50 ml, preferably about 1 00 - 200 
oocytes, more preferably about 130 - 180 oocytes, .are 
contained. This ratio corresponds to about 0.3 - 0.5 ml/ 
oocyte, but is varied depending on the type of oocytes 
and the type of vessels. 30 
[0058] As shown in Fig. 7, the oocyte 13, into which 
a sample has been injected, is recovered from the tray 
9 by using a syringe 41 . In this time, based on the re- 
corded information, any one of oocytes, wherein the 
sample has been injected into the animal hemisphere 35 
or the vegetal hemisphere, can be recovered. The re- 
covered oocytes are transferred into the vessel 21 . Buff- 
er solution for amphibia 42 is filled in the vessel 21 , and 
the solution is exchanged several times. After the ex- 
change, buffer solution for amphibia 42 is filled in the 40 
vessel 21 again, and a preferable amount of antibiotics 
43 is added thereto. The cover of tube is closed, and the 
tube is put into the outer case 44 with cold insulator. The 
outer case 44 is filled with packaging material 45, fixing 
the vessel 21 and transported to the customer by con- 45 
ventional transporting means. 

[0059] By this method, the vessel can be transported 
to the customer without damaging the function of 
oocytes to which the sample has been injected. 
[0060] I n the occasion of sale or assignment, inf orma- 50 
tion including date of injection, place of injection of sam- 
ple, conditions for injection such as depth, recovery rate 
and term for guarantee of quality, is provided. For that 
purpose, for example, a paper describing such informa- 
tion or a label 22 may be attached to the vessel 21 con- 55 
taining the oocytes (Fig. 3). ' 

[0061] In case of gene injection, about 24 hours are 



required for expression, and the lifespan of the oocytes 
is about 7 days after injection , preferably for safety about 
5 days. Consequently it is preferable to describe date 
and time of injection and, corresponding to that, a de- 
scription indicating that "best use before X X (day - 
month)" in order to clearly indicate the effective term af- 
ter injection. 

[0062] As for the injection site of the oocyte, the sam- 
ple can be injected into the animal hemisphere in about 
80 % of oocytes by using the above tray, and it is also 
possible to improve the expression efficiency based on 
the accumulated information in the apparatus as well as 
by using co-expression with use of the present appara- 
tus. 

Effect of the Invention 

[0063] According to the present invention, a sample 
can be injected into oocytes of amphibia such as frogs 
with a constant depth precisely, and mass production of 
oocytes having an identical quality such as efficiency of 
injection can be rapidly performed. The quality of an 
oocyte or the area of needle injection can be recorded 
as information. 

[0064] Further, the oocytes obtained by the method of 
the present invention and into which the sample has 
been injected in the specified position and depth, can 
be recovered, and the efficiency of injection of sample 
is guaranteed for the purpose of sale or assignment. In 
addition, selling or assigning of the oocytes can be made 
by specifying the use depending on the type of the in- 
jected sample. 



Claims 

1 . Apparatus or system for the microinjection of sam- 
ples into amphibian oocytes, comprising 

- a tray (9) for holding a plurality of the amphibian 
oocytes (13), 

- an injection needle (6) for injecting the sample 
into the amphibian oocytes (13), 

- driving means (4,11,12) for moving the relative 
position of the tray (9) to the injection needle 
(6), 

and 

- controlling means (1, 2) for controlling the 
movement by setting the depth of the injection 
needle (6) relative to the tray (9) or the amphib- 
ian oocytes (13) in the sample injection, and for 
injecting the sample into a plurality of the am- 
phibian oocytes (13) at that depth. 

2. Apparatus according to claim 1 , comprising one or 
more of the following features: 

- the driving means (4, 11, 12) are designed to 
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drive the tray (9) relative to the injection needle 
(6) in a three-dimensional manner; 
it further comprises information obtaining 
means (7, 8) for obtaining a visual information 
of the amphibian oocytes (13) in the injection 5 
of the samples; 

the information obtaining means (7, 8) for ob- 
taining visual information of the amphibian 
oocytes (13) are a camera; 
it further comprises means for connecting each 10 
visual information of the amphibian oocytes col- 
lected by the information obtaining means (7) 
for the visual information with the position of 
each oocyte on the tray (9); 
it further comprises memorizing means (1 , 2) is 
for memorizing the visual information; 

- the tray (9) has a plurality of wells for holding 
the plurality of amphibian oocytes (13); 

- the wells have a cylindrical structure with a flat 
base or with a conical base having a maximum 20 
diameter of 1 .4 to 2 mm; 

- the wells have a cylindrical structure with a flat 
base or with a conical base having a maximum 
diameter of 1 05 to 1 50 % of the diameter of the 
amphibian oocytes (1 3); 25 
the position of the surface of oocytes on the tray 

(9) is detected by at least one of visual informa- 
tion, pressure change, temperature change, 
electrical change, moisture change or pH 
change. 30 

3. Apparatus or system according to claim 1 or 2, com- 
prising information obtaining means (7, 8) for ob- 
taining a visual information of the amphibian 
oocytes (13) in the injection of the samples, and 35 
memorizing means (1, 2) for accumulating the in- 
formation, and means for injecting the sample into 
the amphibian oocytes (13). 

4. Method for the microinjection of samples into am- 40 
phibian oocytes (13), comprising the following 
steps: 

using an apparatus having a tray (9) for holding 
a plurality of the amphibian oocytes (13) and an 45 
injection needle (6) for injecting samples into 
the amphibian oocytes (13), 
setting the depth of the injection needle (6) rel- 
ative to the tray (9) or the amphibian oocytes 
(1 3) to a first depth value; so 
injecting the sample into the first oocyte of the 
plurality of amphibian oocytes (1 3) using the in- 
jection needle (6) at the first depth value, 
automatically moving the relative position of the 
tray (9) to the injection neelde (6), and 55 

- subsequently injecting the sample into the sec- 
ond oocyte of the plurality of amphibian oocytes 
(13) by using the injection needle (6) at the first 



depth value. 

5. Method for microinjection of samples into amphibi- 
an oocytes (13), comprising the following steps: 

using an apparatus having a tray (9) for holding 
a plurality of the amphibian oocytes (1 3) and an 
injection needle (6) for injecting samples into 
the amphibian oocytes (13), 
injecting the sample into the first oocyte of the 
plurality of amphibian oocytes (1 3) using the in- 
jection needle (6), 

- moving the relative position of the tray (9) rela- 
tive to the injection needle (6), 

- . subsequently injecting the sample into the sec- 

ond oocyte of the plurality of amphibian oocytes 
(13) using the injection needle (6), 
obtaining the condition of the oocyte in the in- 
jection of the sample as a visual information, 
and 

accumulating the visual information. 

6. Method according to claim 4 or 5, comprising one 
or more of the following features: 

the sample is gene or protein; 

the sample contains a fluorescent substance; 

the amount of sample injected into the first 

oocyte is controlled, and the sample is injected 

into the second oocyte in a substantially equal 

amount; 

- the samples are injected under substantially 
equal conditions, particularly regarding the in- 
jection depth; 

- the samples are injected under substantially 
equal conditions regarding the injection area; 
the amount of injection of the sample is kept 
substantially constant; 

genes, pigments, proteins, peptides and/or 
drugs are injected; 

- cRNA, DNA, RNA and/or synthetic oligonucle- 
otides are injected. 

7. Process for the preparation of amphibian oocytes 
(13) injected with a sample, comprising the follow- 
ing steps: 

- using an apparatus having a tray (9) for holding 
a plurality of the amphibian oocytes (1 3) and an 
injection needle (6) for injecting a sample into 
the amphibian oocytes (13), 

- moving the relative position of the injection nee- 
dle (6) to the tray (9), 

- injecting the sample into each of the amphibian 
oocytes (13) using the injection needle (6), 

- obtaining visual inf ormation of each of the am- 
phibian oocytes (13) in the injection, and 

- collecting a plurality of the oocytes in which the 
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sample is injected into the animal hemisphere 
of the oocyte amongst the plurality of amphibi- 
an oocytes (13) based on the visual informa- 
tion, 
and/or 

collecting a plurality of the oocytes in which the 
sample is injected into the vegetal hemisphere 
of the oocyte amongst the plurality of amphibi- 
an oocytes (13), based on the visual informa- 
tion. 

8. The process according to claim 7, comprising the 
following steps: 

- setting the depth of the injection needle (6) rel- 
ative to the amphibian oocytes (13) or the tray 
(9) to a first depth prior to the injection, and 
injecting the sample into a plurality of the am- 
phibian oocytes (13) at the first depth. 

9. Method for selling or assigning a plurality of amph ib- 
ian oocytes, comprising selling or assigning as a set 
of a plurality of the amphibian oocytes, into which a 
sample is injected under substantially the same 
conditions regarding the injection depth. 

10. Method according to claim 9, comprising one or 
more of the following features: 



13. The plurality of amphibian oocytes (13) according 
to claim 12, wherein the sample has further been 
injected under substantially equal conditions re- 
garding the injection area. 

14. The plurality of amphibian oocytes according to 
claim 12 or 13, wherein the amount of injection of 
the sample is also substantially constant. 

15. A vessel containing amphibian oocytes (13) into 
which a sample has been injected under substan- 
tially the same conditions regarding the injection 
depth, and having information on date and time of 
injection and information on the expiration date for 
use attached thereto. 

16. The vessel according to claim 15, containing am- 
phibian oocytes (13) into which a sample has been 
injected under substantially equal conditions re- 
garding the injection area and/or the amount of in- 
jection. 



attaching an information on the sample injec- 30 
tion into a plurality of the amphibian oocytes to 
the set; 

- putting a plurality of the amphibian oocytes into 
which the sample is injected under substantially 
the same conditions regarding the injection 35 
depth into a vessel (21), and 

- attaching to the vessel (21) a label (22) com- 
prising information on the sample injection into 
a plurality of the amphibian oocytes (13); 

- the vessel (21 ) is maintained at a temperature 40 
not lower than 18 °C and not higher than 25 °C; 
the information on the sample injection into a 
plurality of the amphibian oocytes (13) relates 

to at least one of the date and time of the injec- 
tion, the term for guarantee of quality, the area 
where the sample is injected, the depth at which 
the sample is injected, and the probability of ex- 
pression. 



11. Method to use a plurality of amphibian oocytes (13) so 
into which a gene or a protein is injected at an ap- 
proximately constant position and depth, as a sen- 
sor for screening. 

12. A plurality of amphibian oocytes (13) into which 55 
samples have been injected under substantially 
equal conditions regarding the injection depth. 
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